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Abstract 
The system of equations for the polytropic gas with the flow of radiative heat flow 
is approximated by the system of a hyperbolic conservation law and a linear elliptic 
equation, which is called a model system of the radiating gas. We discuss about these 
approximation and related results of the system thus obtained. 
At frst we notice that for the model system of the radiating gas, the spatial deriva-
tive of the initial data is smaller than a certain negative critical value, the solution 
blows up. Thus it is necessary and natural to think about weak solutions in a suitable 
sense . 
Mainly we talk about the Cauchy problem for the model system of a radiating 
gas with Riemann initial data since this initial data give rise to a discontinuity of 
the solution. The assumption that the left state u_ is larger than the right state 
u+ ensures the existence of a corresponding traveling wave, connecting the left state 
u_ and the right state u+ asymptotically. Although the solution has a discontinuity, 
the uniquencss of a solution in a weak sense is established by imposing the entropy 
condition. Furthermore, if the magnitude of discontinuity is smaller than or equals to 
~, the global solution exists and tends to the traveling wave as time goes to infinity. 
ll9 
1 IntrOductiOn 
The system of equations for the polytropic gas with radiative heat flow is introduced in [14]: 
pt + (pu). = O, 
(pu)t + (pu2 + p)* = O, 
{p(lu2 + e)} + {pu(lu2 + e) + up + q}. = O, 
~~~g p=pR6 = Apryexp R , 
-q*. + 3a2q + 4aa(04)* = O 
(1) 
where p is density, u velocity, p the pressure, e the internal energy, q the radiative heat-flux, 
R the gas constant, s is the entropy, O > O the absolute temperature, ~r > I the (constant) 
rate of specific heats and A a positive constant. (T is the Stefan-Boltzmann constant. 
We consider the pressure p, absolute temperature a and internal energy e as functions of the 
density p and the entropy s: 
p p(p s) e e(p s) and e = e(p,s). (2) 
The thermodynamic law is expressed as 
e - P and e O (3) p ~' 
By standard computation using (3), we may rewrite (1) as: 
pt + (pu). = O, 
p(ut + uu*)+p* = , ?
pe(st + us.) + q. = , ?
p = pRe = Apry exp (~i R. 
q.. + 3a q + 4acT(e4)' = O 
(4) 
We assume the Stefan-Boltzmann constant cr is small and expressed as (T = ccro, where c rs 
a dimensionless small parameter and ao Is a positive constant. 
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As an equilibrium state of the gas is consldered to be the state in which any flow does not 
occur, we define It as the state satisfying 
(p, u, s, q) = (po, O, so, O), 
where po and so are positive constants. Following the idea of [3], we expand a state (p, u, s, q) 
around the equilibrium state (po, O, so, O) as 
p = po + ep(~:, t~, 
u = c~(~,~, s = so + c25(~, t~, (5) 
q = c2~(~, ~) 
where ~, ~, ~ and ~ are functions of t = ct and ~ = x - Cot. Here, Co rs the sound speed, 
given by 
Co = V;~P(pro~so)p(PO, so) = f = V~~ (6) 
Expanding p and e around the equilibrium state (po, O, so, O), we have that 
C2 p = po + cCgp+c2(nr - 1)( o p2 + poe05) + O(c3) (7) 2 po 
an d 
?
e = eo + c(7 - 1)~~~ + O(c2). (8) 
po 
Substltutlng these expansion in the system (4), retaining O(e2) with neglecting O(e3) and 
making some modifications, we obtain the following simplified system of equations, which 
we call the model system of the radiating gas: 
ut +uu +q. = O, 
(9) 
-q*. + q + u* = O 
The first equation of (9) is a conservation law and the second is a elliptic equation. As the 
second equation of (9) is a linear elliptic equation, we may express q in terms of u formally; 
where 





































































































































































































4 The main reSult 
Throughout this section, I ' In ancl 11 ' Il~ implies Ln_norm and Hn_norm over R+ := {x > o}, 
respectively. 
At first, we reform equations for simpliclty. We express the perturbation from the trav-
eling waves by ip and 'ip: 
ip(x, t) = u(x, t) - U(x) (36) 
an d 
ip(x, t) = cl(x,t) - Q(x). (37) 
As (u, q) and (U, Q) are solutions of (9 ), (ip, ~)) satlsfies 
ip + (Uip+ ;ip ). + ipx = O (38) 
-ipa;x + ip + ipx = O, (39) 
in the first quarter plane and the second quarter plane, respectively. From initial condition 
(15) and (28), ip satisfy ?
a - U(x) for x < O ipo(x) = ip(x,O) - _a- U(x) for x > o ' (40) 
Owing to Lernma 3.4, it is enough for us to consider the initial value problem in the first 
cluarter plane {x > o,t > o}. We may define the anti-derivative of ip (see (46)); 
oo = f ip(y,t)dy for x > o 
Initially ~ sa,tisfies 
OQ ' 
??
~o(x) := ~(x,O) = - -a-U(x)dx for x > o. (42) 
The above indeflnite integral converges since the function U(x) decays to -a exponentially 
as x ~~ oo. Thus (~,'ip) satisfies the equatlons derlved by integra,ting (38) on the interval 
(O, oo), 
?
~ + U~. + ~~~ + ip O (43) 
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Lemma 4.1 
ip(x, t) ~ O for x > o (44) 
~(x,t) ~ O for x > o (45) 
The validity of the definltion (41) follows from the lemma: 
Lemma 4.2 
lip(t)11 ~ Iipoll. (46) 
Applying energy calculation on (38) and (43) and then esthTlating the boundary integrals 
along {x = O} by (44) and (4(5), we have the following H2-estimate. 
Lemma 4.3 Ifa ~ ~, we have the uniform estimate 
~' f~ ~' ~ II(~,ip)(t)ll~+ Ilip(.)ll + llip(.)ll~d･+ .J, IU.I~'d･d･ <cll~,ll, (47) 
for arbitra7'y t > o. 
We are now at a position to state the one of main theorelns in the present paper. 
Theorem 4.4 The initial value problem (9), (15) has a unique admissible solution (u, q)(x,t) 
which satisfies (20), in sense of Definition 3.1 globally, such that 
sup l(u(x,t) - U(x - st), q(x, t) - Q(x - st)1 = O(t-~) 
" 
where (U, Q) is the traveling wave tvith (9), (23). 
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